We discuss the production of tt quark-antiquark pairs in proton-proton collisions via the γγ fusion mechanism. We include topologies in which both protons stay intact or one or even both of them undergo dissociation. The calculations are performed within the k T -factorisation approach, including transverse momenta of intermediate photons. Photon fluxes associated to inelastic (dissociative) processes are calculated based on modern parameterisations of proton structure functions. We find an integrated cross section of about 2.36 fb at √ s = 13 TeV for all contributions. The cross section for the fully elastic process is the smallest. Inelastic contributions are significantly reduced when a veto on outgoing jets is imposed. We present several differential distributions in rapidity and transverse momenta of single t ort quarks/antiquarks as well as distributions in invariant mass of both the tt and masses of dissociated systems. A few two-dimensional distributions are presented in addition. *
I. INTRODUCTION
Photon-induced processes in proton-proton or nucleus-nucleus interactions have become very topical recently. The large energy at the LHC, when combined with relatively large luminosity at run II, allows to start the exploration of such processes. Although in the case of proton-proton collisions the relevant cross sections are rather small, some of their salient features may allow their measurement. For instance, photon-fusion events will lead to a rapidity gap observable experimentally between the electromagnetic/electroweak vertex and forward scattered systems.
The production of electron or muon pairs are flag examples. Recently both CMS [1] [2] [3] and ATLAS [4] studied such processes. Another example is the production of W + W − pairs also studied by both Collaborations [5] [6] [7] . These results allow to obtain upper limits on the deviations from Standard Model couplings. On the theoretical side such processes may be calculated using the equivalent photon approximation for purely elastic and partially or fully inelastic processes [8] . The photon flux corresponding to the elastic part is then expressed in terms of electromagnetic form factors of proton (electric and magnetic, or equivalently Dirac and Pauli). Proton dissociative processes need as an input the structure functions F 2 and F L of a proton, here especially F 2 is well known in a broad kinematic range from a large body of deep-inelastic electron-proton scattering data.
A similar method was used in the k T -factorisation approach for dilepton production [9, 10] and recently for W + W − production [11] . Actually a similar approach was suggested for lepton pairs long time ago in [12] and realised in the LPAIR code [13] .
Different parameterisations of the proton structure functions were used in the literature. The overall errors/uncertainties are therefore associated with insufficient knowledge of structure functions and/or poor functional form of parameterising the data. In [14, 15] it was argued that parameterisations based on proton structure functions have much smaller uncertainties, and generally lead to much smaller cross sections than in the standard DGLAP approach.
In the present approach we study a new final state, namely t andt. Being the heaviest of fundamental Standard Model particles, the top quark is of special interest. The dominant production mechanisms investigated until recently in great detail involve the strong interactions. While the precision studies of electroweak production mechanisms are clearly the task for an e + e − collider [16] , here we wish to investigate the γγ fusion contribution in pp collisions at the LHC.
There has not been much discussion of this final state in the literature in the context of the γγ fusion. In Ref. [17] , the fully exclusive pp → pptt process was discussed at LHC energies, including possible anomalous γtt couplings. A very comprehensive study [18] includes electroweak corrections to inclusive tt production. Being a part of these corrections, the γγ fusion subprocess is evaluated using collinear photon parton distributions. The γγ contribution to inclusive tt production is found to be negligible, when realistic photon distributions are used.
In Fig.1 we show diagrams of the four different classes of processes included in our present analysis. In the present paper we concentrate on general characteristics and study of differential distribution to select a proper observable for future experimental studies.
We wish to evaluate the cross section separately for each category presented in the figure within the Standard Model. We also aim at calculating several differential distributions of interest. 
II. A SKETCH OF THE FORMALISM
Our calculations are based on unintegrated photon fluxes, which depend on the longitudinal momentum fraction, x and the transverse momentum (in the pp-frame) k of the photon, and on the invariant mass M X of the dissociative system in the p → γX vertex:
Here we put in evidence the contributions of "elastic" processes with an intact proton in the final state as well as the "inelastic" component for hadronic final states X = p.
In this formalism y ± are the rapidities and p T1,2 the transverse momenta of the t andt quark respectively. The off-shell matrix element squared for the γ * γ * → tt process is the same as the one for dilepton production found in [9] , up to a factor e 4 f N c , with e f = +2/3 the quark electric charge, and N c = 3. In results shown below we use the top quark mass m t = 173 GeV.
These formulas are implemented in CepGen [19] for the Monte-Carlo generation of unweighted events containing the tt pair as well as remnants of mass
Details on the relation between photon fluxes and proton structure functions may be found in [11] , where we also describe several parameterisations used for F 2 , F L . Here we only mention that in the region of Q 2 > 9 GeV 2 , which is the most important one for the process at hand, we use a perturbative QCD NNLO calculation of [20] .
III. RESULTS
In Table I we show integrated cross sections for each of the categories of γγ processes shown in Fig.1 . We observe the following hierarchy as far as the integrated cross section is TABLE I . Cross section in fb at √ s = 13 TeV for different components (left column) and the same when the extra condition on the outgoing jet -2.5 < y jet < 2.5 is imposed.
The summed cross section at √ s = 13 TeV is 2.36 fb. This is a rather small number in comparison with other inclusive production mechanisms. A possible extraction of γγ events therefore requires, e.g. experimental cuts on rapidity gaps. So far we have ignored the gap survival factor due to remnant fragmentation and/or soft processes. However such effects may reverse the order of Eq. 3.1. This behaviour was obtained previously for production of [21] . In the right panel of Table I we show results when an extra condition on the rapidity of the recoiling jet, -2.5 < y jet < 2.5, is imposed. The condition on jet rapidity gives very similar results as a condition on charged particles [21] when including explicitly remnant fragmentation.
In Fig.2 we show the rapidity distributions of t quarks ort antiquarks (these are identical) for different categories of the final state. Quite similar distributions are obtained for the different categories of processes. There is only a small asymmetry with respect to y = 0 for elastic-inelastic or inelastic-elastic contributions. By construction, the sum of both the contributions is symmetric with respect to y = 0. The cross section is concentrated at intermediate rapidities so in principle should be measurable by the ATLAS/CMS central detectors. However, a precise estimation would require imposing cuts on the decay products of t andt (for instance, into a b jet and a charged lepton). This goes beyond scope and aim of the present work.
In Fig.3 we show the distribution in transverse momentum of t ort (identical). Here again the different categories give distributions of similar shape.
The same is true for the distribution in tt invariant mass (see the left panel of Fig.4 ). The distributions are almost identical and differ only by normalisation. For completeness in the right panel of Fig.4 we show similar results when conditions on outgoing light quark/antiquark jets are imposed. The extra condition leads to a lowering of the cross section with only very small modification of the shape in M tt .
In addition in Fig.5 we show distributions in outgoing proton remnant masses M X and/or M Y . Similar shapes are observed for single-dissociative and double-dissociative processes. Population of large M X or M Y masses is associated with the emissions of jets visible in central detectors (i.e. with -2.5 < y jet < 2.5). We show the modification of the total cross section through such emissions in the right panel of the figure. The condition on jet rapidity cuts out the high mass part of distribution in M X or M Y . A significant correlation between maximal M X and maximal |y jet | can be observed.
In Fig.6 we show distribution in photon virtuality. One may notice the photon emission through proton dissociation is much broader than that for elastic production. A large contribution to the cross section is hence shown to arise from the region of highly virtual photons, Q 2 > 1000 GeV 2 . Finally we wish to show some two-dimensional distributions in Q (Fig.7) and M X × M Y (Fig.8) for inelastic-inelastic case. We see regions when both virtualities are large. The apparent correlation in M X and M Y is only an artifact of the presentation (logarithmic scale). In fact there is no such correlation as discussed in our recent study [21] . Finally in Fig.9 we show distribution in p T,sum = |p T1 + p T2 |. The distribution for the elastic-elastic component is much narrower than similar distributions for the other components. We note that for collinear photon distributions we would obtain a delta-function in p T,sum for all cases. 
IV. THE GAP SURVIVAL FACTOR
Physics of the gap survival due to the jet (parton) emission was discussed in detail in Ref. [11] for the γγ → W + W − production. In this last section we wish to calculate the gap survival factor at parton level. In such a case the rapidity gap is destroyed by the outgoing parton (jet or mini-jet), which is struck by the virtual photon.
This gap survival factor may hence be defined as:
where dσ/dη jet is the rapidity distribution of the cross section for tt production as a function of rapidity of the extra jet (de facto parton) and σ is the associated integrated cross section.
Here, in Fig.11 we show our results for pp → γγ → tt processes. The gap survival factor is S 
V. CONCLUSIONS
In the present paper we have presented cross sections for production of tt pairs via γ * γ * fusion. Such processes can be separated out by imposing rapidity gaps in the central detector. Our calculations include transverse momenta of the intermediate photons. The flux of photons produced with proton dissociation has been expressed in terms of proton structure functions. For our study we have used a hybrid parameterisation of proton structure functions, using similar input as the recent LUXqed parameterisation [15] . The cross section summed over the different categories of processes is about 2.36 fb (full phase space), i.e. rather small compared to the standard inclusive tt cross section (of the order of nb). We have shown that the ordering (3.1) holds for the whole phase space without extra experimental conditions on the top quarks decay products reconstruction efficiencies and central system gap survival factor. As discussed recently in Ref. [21] for the W + W − final state, the remnant fragmentation leads to a taming of the cross section when the rapidity gap requirement is imposed. Also here such a condition reverses the hierarchy observed for the case when such condition is taken into account.
One may argue that a diffractive QCD contribution leads to the same rapidity-gap topology as γγ-fusion. We have checked, that using the formalism of [22, 23] , the cross section for a QCD diffractive contribution to the tt production is about 2-3 orders of magnitude smaller than the one corresponding to the photon-photon fusion and does need to be included in the final estimate. This is very different than for "exclusive" cc [22] or bb [23] production. We have presented several differential distributions in rapidity and transverse momentum of the t ort as well as invariant mass of the tt system or in the mass of the dissociated proton system. We have shown also some correlation distributions, some of them two-dimensional ones.
Our results imply that for the production of such heavy objects as t quark andt antiquark the virtuality of the photons attached to the dissociative system are very large (Q 2 < 10 4 GeV 2 ). A similar effect was discussed in detail already for the W + W − system [11] . We have presented the best estimate of the cross section(s) and differential distributions for the inclusive case (no requirement on rapidity gap) as well as including extra condition on the jet rapidity. Applying a veto on charged particles or outgoing jet in a certain rapidity region (as done here) lowers the cross section significantly. As the gluon-gluon fusion cross section is so large, rapidity gap fluctuations in the hadronisation can be a serious background. The gap must then be chosen to minimise the unwanted contributions from gluon-gluon and quark-antiquark subprocesses not loosing too much of the signal (γγ → tt contribution). Evaluating such an effect will be necessary to demonstrate whether the Standard Model γγ → tt contribution can be "observed" at the LHC.
